. This compound causes tibial dyschondroplasia in poultry and reduced hatchability of fertile chicken eggs (5) . Tibial dyschondroplasia is a common abnormality in growing broiler chickens and turkeys and has been reported around the world (1, 3, 4, 9, 10) . Signs similar to those found in chickens were also found in swine, horses, bulls, and dogs (7) . This toxin is also suspected to be involved in KashinBeck disease (5) , which is an endemic bone and joint deformation disease found chiefly in children of school age in north China, Siberia, USSR, and Korea (2, 11) . A correlation of the occurrence of the disease and the infection of corn and wheat by Fusarium species in the disease areas was reported by some Chinese scientists (6) .
We used a solid rice medium for the production of fusarochromanone. While growing on rice, the fungus produces a compound that fluoresces when irradiated with UV light; we nanled it TDP-2. In this paper we report the biosynthesis of fusarochromanone and its conversion to TDP-2. We also report the identification of TDP-2 as the monoacetyl derivative of fusarochromanone.
MATERIALS AND METHODS
Fungal inoculum. An isolate of Fusariuim eqluiseti (Alaska 2-2) was maintained on moist autoclaved soil and stored at -15°C. This is the same isolate as used by Yin-won Lee et al. (5) for the original isolation of fusarochromanone. It was initially identified as Fusarium roseum 'graminearum', but subsequent identification indicated it should be Fusarium equiseti (W. F. 0. Marasas, personal communication). Soil particles from the soil culture were seeded onto petri dishes of potato dextrose agar (PDA). The PDA plates were incubated for 5 days at 23 to 28°C. The agar plugs containing mycelium were taken from the growing edge of colonies and used as inocula.
Media. Peptone containing 9.5% nitrogen (Sigma Chemical Company, St. Louis, Mo.) was added to Czapek-Dox medium (Difco Laboratories, Detroit, Mich.) to make pep-tone concentrations of 0, 1, 2, 3, 4, and 5%. A 200-ml amount of each medium was placed into a 500-ml Erlenmeyer flask and autoclaved at 121°C for 20 min. Three flasks of medium were made for each peptone concentration. Ten 1-liter Erlenmeyer flasks containing 200 g of Uncle Ben's parboiled rice (Uncle Ben's Inc., Houston, Tex.) and 120 ml of distilled water per flask were settled for 1 h to let the rice absorb water completely and autoclaved for 1 h at 121°C on 2 consecutive days.
Growth and sampling of cultures. The liquid cultures were incubated at 23 to 28°C as a stationary surface culture for 30 days. Every 5 days after inoculation, 0.5 ml of medium from each culture was transferred into a 0.5-dram vial with a sterilized glass pipette and kept in a freezer until use. The rice cultures were incubated at the same temperature and shaken daily for the first 5 days to provide uniform growth of mycelium throughout the medium. Two flasks of the rice cultures were harvested and air dried at 2, 3, 4, 5, and 6 weeks after inoculation. The dry rice cultures were then ground into a fine flour with a laboratory mill and kept at 4°C until use.
Isolation of TDP-2. Ten grams of dried rice culture (4 weeks old) was extracted three times with 100 ml 90% aqueous methanol and filtered through Whatman no. 4 filter paper. The filtrate was evaporated to ca. 30 ml in vacuo. The concentrated extract was partitioned twice with 100 ml of petroleum ether (boiling point, 60 to 70°C). The petroleum ether layer was discarded. The extract was then partitioned three times with 100 ml of dichloromethane. The dichloromethane portion was evaporated to dryness in vacuo and redissolved in 5 ml of chloroform. This extract was streaked onto a silica gel thin-layer chromatography (TLC) plate (20 by 20 cm, 0.25 mm thickness; E. Merck, Darmstadt, Federal Republic of Germany). The plate was developed in chloroform-methanol (4:1 vol/vol) and illuminated with long-wavelength UV light. A fluorescent band with an Rf value of 0.66 was located and scraped. The silica gel containing TDP-2 was placed in a pipette plugged with glass wool and eluted with acetone. The eluate was evaporated in nitrogen and made ready for analysis.
Acetylation of fusarochromanone. Ten milligrams of fusarochromanone and 6.2 mg of N-acetylimidazole were dissolved in 20 and 10 ml of chloroform, respectively, mixed in a 125-ml flask, and stirred overnight at room temperature. The reaction mixture was concentrated and chromatographed on silica gel TLC plates (chloroform-methanol, 9:1). A compound that fluoresced under UV irradiation was obtained by scraping and eluting the silica gel band with acetone.
Mass spectrometry. Low-resolution electron impact (El) mass spectra of fusarochromanone, TDP-2, and the acetylation product of fusarochromanone were obtained by direct inlet on a VG 7070 EQ mass spectrometer (VG Analytical Ltd., Wythenshawe, Manchester, England).
GC-MS. Fractions containing mainly TDP-2 were combined, evaporated to dryness, redissolved in acetone, and transferred to a test tube.
Petroleum ether was added to the solution dropwise until the solution became cloudy; the test tube was kept in a freezer overnight. The mother liquor was pipetted out, and the yellow-green, needle-shaped crystals were vacuum dried and collected.
Hydrolysis of TDP-2. A small amount of TDP-2 crystal was dissolved in 0.5 ml of 1.2 N HC1 in 5% aqueous methanol and kept at room temperature for 24 h. Concentrated ammonium hydroxide was added to the solution to adjust the pH to ca. 10; 20 pI of the solution was applied to a silica gel TLC plate along with fusarochromanone and TDP-2 standards. The plate was developed in chloroform-methanol-ammonium hydroxide (40:10:1) and checked under UV light.
NMR spectroscopy of TDP-2. Proton and carbon-13 nuclear magnetic resonance (NMR) spectra of TDP-2 were obtained on an AC-300 NMR spectrometer (IBM Instruments, Inc., Danbury, Conn.) operating at 300 mHZ in deuteriochloroform solution. Chemical shifts were referenced to deuteriochloroform at 77.0 and 7.25 ppm for carbon-13 and proton, respectively, and reported relative to tetramethylsilane (Me4Si). Carbon-13 chemical shift assignments were made by using the DEPT pulse sequence to determine the number of directly attached protons corresponding to each resonance.
RESULTS AND DISCUSSION
Two fluorescent compounds were found in the TDP-2 acid hydrolysis reaction mixture by TLC. They corresponded to the fusarochromanone standard with an Rf value of 0.58 and TDP-2 standard of 0.71, respectively. The low-resolution mass spectrum (direct inlet) of fusarochromanone is shown in Fig. 2 intense peak at mlz 162, and a molecular ion of 292. The low-resolution mass spectra of TDP-2 and the fusarochromanone acetylation product were compared and found to be identical (Fig. 3) . Both spectra displayed a base peak at 218 and molecular ion of 334 The similar mass spectra of TDP-2 and fusarochromanone suggest that TDP-2 is closely related to fusarochromanone in structure. This is supported by the finding that TDP-2 was hydrolyzed to fusarochromanone. The facts that a monoacetate of fusarochromanone should have a molecular weight of 334 and that TDP-2 is identical to the acetylation product of fusarochromanone indicate that TDP-2 is a monoacetyl derivative of fusarochromanone. The structure of TDP-2 Incubation time (days) (Fig. 4) The result of the time course study of production of fusarochromanone and TDP-2 in the Czapek-Dox medium with different peptone concentrations is shown in Fig. 5 , and their production in rice cultures is shown in Fig. 6 . Neither of the two compounds was detected in the culture on Czapek medium when peptone was not added. Fusarochromanone was detected 5 days after inoculation on a medium with added peptone (Fig. 5) . The concentrations of fusarochromanone did not increase continuously but declined after 10 to 20 days depending on the peptone concentration. In contrast, TDP-2 was not detected in 5-day-old cultures but was found in 10-day-old cultures; the concentrations of TDP-2 increased continuously during the rest of incubation period. In all five of the liquid cultures on the peptoneenriched medium, the decline in the concentration of fuarochromanone was accompanied by a corresponding increase of TDP-2. Similar results were observed in the study of rice cultures (Fig. 6 ). This clearly indicates that fusarochromanone is a direct precursor of TDP-2. Figure 5 also shows the effects of peptone concentrations in the medium on the synthesis of fusarochromanone and its conversion to TDP-2. After 10 days of incubation, higher concentrations of fusarochromanone and TDP-2 were produced in medium containing 2 to 5% peptone compared with medium containing 1% peptone. However, the decline of fusarochromanone and the corresponding increase of TDP-2 occurred after 20 days of incubation in the culture containing 1% peptone, 15 days of incubation in the culture on 2% peptone, and 10 days of incubation in the cultures on 3 to 5% peptone. The highest yield of fusarochromanone was obtained in the culture on 1% peptone medium. The higher peptone concentrations (2 to 5%) accelerated both fusarochromanone synthesis and its conversion to TDP-2.
A proper peptone content in the medium and a corresponding incubation period are critical factors in the production of fusarochromanone and TDP-2. For the purpose of large-scale production, a solid rice medium is preferred, since a high yield of fusarochromanone (2,651,ug/g of dried rice culture, Fig. 6 ) was obtained after 4 weeks of incubation. Liquid cultures are the preferred method for studies of biosynthesis of fusarochromanone and the related metabolites because they can be analyzed directly without any extraction or clean-up procedure. Thus, the possible variations from the extraction or clean-up process are avoided. Studies of the biological activities of TDP-2 are under way.
